Extensive investigations have been carried out to identify and characterize the mechanisms which control the cell cycle in mammalian cells and the many cell cycle genes (6, 11, 32) . These mechanisms, however, are not yet well understood, and only a few cell cycle genes have been well characterized (12, 19) . Most cell cycle mutants of mammalian cells are temperature sensitive (ts). One of the approaches towards the recognition and study of cell cycle mutated functions is the cloning of the wild-type gene which, in complementation tests, renders ts cell cycle mutants insensitive to the restrictive temperature, thus allowing their growth. This approach has been used successfully for the budding and fission yeasts (3, 20, 21, 25) . The use of the cloned cell division cycle genes in yeast cells has already allowed the identification of the mRNAs and proteins of these genes (9, 24, 25) .
In mammalian cells, one of the main problems in setting up a system similar to that in yeast cells concerns the efficiency with which DNA-mediated gene transfer (DMGT) can be performed. Some cell lines, such as mouse Ltk-cells, are excellent recipients of DNA. In many cell lines, however, the efficiency of transformation is low enough to make it indistinguishable from the spontaneous reversion of the mutation and thus hard to study (5, 14) or is too low to obtain any transformants when the donor DNA is total genomic DNA (A. Fainsod, Ph.D. thesis, The Hebrew University, Jerusalem, Israel, 1984).
Previously, we described a ts cell cycle mutant of Chinese hamster origin, E36ts24 (ts24) (7, 10) , which grows at 34WC but is arrested at 40.3°C in the early S phase. The execution point of ts24 was mapped near the point of arrest. Once arrested, the mutant cells perform abnormal DNA synthesis, which includes the synthesis and degradation of DNA. Further analysis of ts24 cells showed that microinjection of wild-type mRNA into these cells transiently complemented the ts mutation (7) . In these experiments, we also fractionated the mRNA on methyl mercuric hydroxide-agarose gels and, after microinjection of the different fractions, identified the mRNA that could transiently complement ts24 as a 940-nucleotide-long message. Fractionation of the total cytoplasmic mRNA resulted in purification of this specific mRNA by 100-to 200-fold.
We describe here the use of transient complementation in the isolation of a genomic clone which contains the gene encoding this specific mRNA.
MATERIALS AND METHODS Preparation of cDNA. A partially purified mRNA fraction enriched for the message which transiently complements the ts24 mutation (7) was transcribed into cDNA (28) (30, 31) . Hybridization was carried out with the cDNA probe as described elsewhere (17) .
Growth of phages and isolation of phage DNA. Phage lysates were prepared from single plaques, and DNA was isolated as described elsewhere (16) .
Transient complementation by DMGT. Transient complementation was performed as follows. The X Charon 4A DNA was precipitated in calcium phosphate (29) , and 2 ,ug of the precipitated DNA was dropped on ts24 cells grown at 34°C on glass cover slips in 35-mm petri dishes. The plates containing Dulbecco modified Eagle's medium supplemented with 10% fetal calf serum, streptomycin, and penicillin were further incubated at 34°C for 20 h. The medium was replaced with fresh medium, and incubation was continued for another 8 h. The plates were then transferred to than 300 silver grains were counted as labeled cells (Fig. 1). sewhere (17) The difference in each cycle of Cotransformation was performed to take advantage of the transformation-enhancing sequences of simian virus 40 (8) present in pSV2-neo (27) . In this experiment, plasmid pSV2-neo, carrying the bacterial gene for neomycin resistance, served as the selected marker. Calcium phosphate precipitates were prepared with 10 ,ug each of XHCC24 and pSV2-neo DNAs. The cells were grown at 340C in medium containing G-418 to select for resistant transformants, and the colonies obtained were tested for growth at the restrictive temperature. Previously, the reversion frequency for the ts24 mutation was estimated by performing a fluctuation test, and it was found to be lower than 4.37 x 10-9 revertants per cell generation (16) Figure 2 shows a restriction map of the 14.2-kilobase-pair (kbp) insert of clone XHCC24. Digestion of the clone with the restriction enzyme HindIII yielded four fragments of 2.0, 7.6, 3.8, and 0.8 kbp. When this digest was assayed, the transient complementation activity remained intact, suggesting that the maximum size of the gene responsible for this complementation is 7.6 kbp.
Molecular hybridization of DNA and RNA. To show that the human genomic clone did indeed integrate into the transformant, we isolated DNA from the cell lines, digested it with EcoRI, and subjected it to Southern blot hybridiza- (Fig. 3a) . This difference in size may have been due to the loss of a restriction site during integration. When ts24C1 DNA was digested with HindIII, the expected 7.6-kbp band appeared (data not shown). Only at a low stringency was a homologous sequence of 7.0 kbp seen in the Chinese hamster cell DNA (Fig. 3b) . The same probe was used for hybridization with total mRNA from ts24, E36 (wild type), and the transformant cell lines. The probe recognized a 900-base-pair message (Fig. 4) , a size predicted by the mRNA microinjection experiments (7).
DISCUSSION
We have proposed that the most effective way to study the control of the mammalian cell cycle is by the characterization of cell cycle mutants (18) . Although many such mutants have been isolated and at least partially characterized (18, 26) , no genes which correct ts S-phase cell cycle defects have been cloned (1) . Only recently, Kai et al. (13) reported the cloning of a human DNA fragment which corrects a ts mutation in a baby hamster kidney cell cycle mutant which affects the control of chromosome condensation. We therefore report here the first isolation of a human gene which is required for the control of progression through the S phase.
Our experiments indicate that transient complementation is a powerful assay for the cloning of genes whose activity can be assayed in cultured cells. It is also useful in cases in which the efficiency of stable transformation is too low to use with other cloning methods, such as plasmid rescue (15, 22) . Another important feature of the transient complementation assay is that it simplifies the subcloning procedure by identifying the restriction enzymes which do not destroy the biological activity of the studied gene without the need for stable transformants.
By using an mRNA fraction enriched for a message which complemented the ts24 mutation in the transient complemnentation assay (7), we were able to isolate a human sequence which complemented the ts24 mutation. To prove that this clone did indeed contain the human homolog of the gene mutated in ts24, we used the cloned DNA in several further experiments.
When applied in DMGT to ts24, the clone, XI-CC24, gave rise to colonies capable of growing at the restrictive temperature and having growth characteristics similar to those of wild-type cells.
When hybridized to mRNAs from the wild type, the mutant, and the transformant, the clone recognized an mRNA species of the same size as that predicted from the mRNA microinjection experiments.
Lastly, when hybridized to genomic Chinese hamster cell DNA, the clone recognized homologous integrated human DNA in the transformant.
We are presently involved in further analysis of this cloned cell cycle gene, including the isolation and characterization of a homologous clone from a human cDNA library.
